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Reduction of instantaneous maximum power in multicarrier signals 



(57) From a serial-to-parallel converting part, com- 
plex information subcarrier signals based on an infor- 
mation bit sequence are outputted to a fast inverse 
Fourier transforming part. The fast inverse Fourier 
transforming part gives fast inverse Fourier transforma- 
tion to inputted subcarrier signals to obtain a complex 
baseband time waveform of OFDM symbols. A complex 
redundant subcarrier signal generating part generates 
complex redundant subcarrier signals to reduce ampli- 



tude of a complex baseband time waveform of OFDM 
symbols, and makes them undergo fast inverse Fourier 
transformation together with complex information sub- 
carrier signals. With these processes, the amplitude of a 
complex baseband time waveform of OFDM symbols is 
reduced, and instantaneous maximum power is 
reduced. 
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Description 

Background of the Invention 
Field of the Invention 

[0001] The present invention relates to an apparatus 
for and a method of transmitting OFDM signals for radio 
transmission of digital data sequence by OFDM signals. 
More particularly, it relates to an apparatus for and a 
method of transmitting OFDM signals in order to reduce 
the instantaneous maximum power of OFDM signals. 

Related Art Statement 

[0002] Recently, the spotlight of attention has been 
focused upon a fast radio data communication system 
both indoors or outdoors. In order to reatize fast data 
communications, a radio communication system needs 
a reduction in multipath interference due to transmitted 
signals reflected by buildings and received through var- 
ious channels. 

[0003] Occurrence of multipath interference seriously 
deteriorates reception characteristics. Usually, equaliz- 
ers are used as multipath-compensated receiving sys- 
tems. However, application of an equalizer to a fast 
radio. communication system is not realistic, because its 
large apparatus scale is definitely disadvantageous in 
respect to miniaturization and economy of power con- 
sumption. 

[0004] Hereupon, discussion has been given about a 
radio communication system which uses Orthogonal 
Frequency Division Multiplexing (OFDM) system as a 
countermeasure against multipath. The OFDM system 
is a multi carrier transmission system to transmit data by 
putting a subcarrier at minimum intervals orthogonally 
crossing each other. Since this transmission system can 
substantially ease the influence of intersymbol interfer- 
ence caused by multipath, it can suppress deterioration 
in its reception characteristic even when multipath 
occurs. 

[0005] Moreover, since the OFDM system can signifi- 
cantly reduce the transmission rate of each subcarrier, 
modulation and demodulation of multi carrier signals 
becomes possible by batch processing (fast inverse 
Fourier transformation and fast Fourier transformation) 
by digital signal processing. 

[0006] However, since OFDM signals are composed 
of subcarriers modulated in data sequences which are 
independent of each other in a wide frequency band, 
the amplitude characteristic of OFDM signal time wave- 
form becomes a more Gaussian distribution (normal 
distribution) the more the number of subcarriers 
increases. Therefore, different from single-carrier trans- 
mission system, amplitude variation and maximum 
amplitude value are large and it requires a wider 
dynamic range in a sending and receiving apparatus. 
Consequently, when the backoff of a transmitting power 



amplifier is set to small, occurrence of non-linear distor- 
tion by power amplification is inevitable. When OFDM 
signals receive non-linear distortion, orthogonality 
among subcarriers collapses, and the transmission 
5 characteristic deteriorates radically. This particularly 
forces to set backoff of a transmitting power amplifier 
large, and lowering in efficiency of a transmitting power 
amplifier is unavoidable. 

[0007] Although application of a linearizer is dis- 
10 cussed in order to make backoff operate smaller, it is 
unsuitable for miniaturization, reduction in power con- 
sumption and in cost, due to enlargement of the appara- 
tus scale. 

[0008] As a measure to solve this problem, a method 

15 is discussed where maximum instantaneous power, for 
each of unit time waveforms of OFDM transmission sys- 
tem (OFDM symbol) is detected, and corresponding to 
the detected maximum instantaneous power, average 
power of transmitting OFDM symbols is controlled. In 

20 this method, maximum instantaneous power of all sym- 
bols is made constant by normalizing time waveforms of 
OFDM symbols with maximum instantaneous power. 
Constant maximum instantaneous power of all symbols 
enables the reduction of the backoff amount of a trans- 

25 mitting power amplifier. 

[0009] However, in this method, while a transmitting 
power amplifier can be operated highly efficiently, trans- 
mission quality varies with every OFDM symbol to be 
transmitted. This is a shortcoming of this method. 

30 [0010] As another solution, a method has been pro- 
posed where redundant bits are added to the informa- 
tion bit sequence which composes OFDM signals. In 
this method, by adding redundant bits, time waveforms 
of a plurality of OFDM symbols can be generated for 

35 one data sequence. And, maximum instantaneous 
power can be reduced by selecting, out of all combina- 
tions of time waveforms of OFDM symbols, a time wave- 
form with small maximum instantaneous power, and 
allocating it to the original information bit sequence. 

40 [001 1 ] In order to allocate an information bit sequence 
to a time waveform, however, it is necessary either to 
prepare a combination table of transmitting information 
and redundant information at the transmitting side and 
the receiving side, or to perform a complicated logical 

45 calculating process in order to find a combination, 
enlarging the apparatus scale. Besides, when an error 
occurs in a received OFDM symbol, an information bit 
sequence, which corresponds to the received OFDM 
symbol, may not exist in the table. In this case, the 

so whole of the received OFDM symbols may be in error. 
[0012] As another solution, there is a method where 
subcarrier signals of OFDM are divided into a plurality of 
groups, and a time waveform is generated for each 
group. Time waveforms generated for each group are 

55 transmitted from a plurality of corresponding antennas 
simultaneously. In this method, since the number of 
subcarriers to be transmitted by one antenna 
decreases, maximum instantaneous power of time 
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waveforms to be transmitted by one antenna can be 
reduced. 

[001 3] However, a transmitter needs a plurality of time 
waveform generating means, a plurality of power ampli- 
fiers and a plurality of antennaes, enlarging the appara- 
tus scale extremely. 

[0014] Thus. OFDM transmission sometimes applies 
a method of transmitting normalized maximum ampli- 
tude of a time waveform for each OFDM symbol in order 
to make a transmitting power amplifier operate effi- 
ciently without any particularly large-scaled apparatus. 
In this method, however, since transmission quality var- 
ies with every transmitted OFDM symbol, propagation 
errors are liable to arise. Besides, the method is unsuit- 
able for data transmission which is capable of retrans- 
mission control. There is another method, which is 
sometimes applied, of suppressing maximum amplitude 
value of a time waveform of OFDM symbols by adding 
redundant information to transmitting information of 
each OFDM symbol. However, this method needs a 
transmitting and receiving apparatus provided with a 
combination table of transmitting information and redun- 
dant information, enlarging the apparatus scale. 
Besides, it has a problem that all of the received data 
sequence must be discarded if a sequence which does 
not exist in the table is received. A further possible 
method is to process OFDM subcarriers by dividing 
them into a plurality of groups. In this method, a trans- 
mitter requires a plurality of time waveform generating 
means, a plurality of power amplifiers and a plurality of 
. antennas, causing a problem of significantly large appa- 
ratus scale. 

Object and Summary of the Invention 

[001 5] The object of the present invention is to provide 
an apparatus for and a method of transmitting OFDM 
signals which are able to reduce the maximum instanta- 
neous power of an OFDM time waveform without 
enlarging the apparatus scale significantly, and to miti- 
gate transmission errors at the time of data transmis- 
sion by improving average transmitting power. 
[0016] An apparatus for transmitting OFDM signals 
according to the present invention comprises converting 
unit which converts a plurality of complex subcarrier sig- 
nals into a complex baseband time waveform of OFDM 
symbols, andcomplex redundant subcarrier adding unit 
which generates at least one complex redundant sub- 
carrier signal to reduce a maximum amplitude of said 
complex baseband time waveform of OFDM symbols 
from said converting unit, adds said at least one com- 
plex redundant subcarrier signal to said plurality of com- 
plex information subcarrier signals, and gives said at 
least one complex redundant subcarrier signal and said 
plurality of complex information subcarrier signals to 
said converting unit, and 

a method of transmitting OFDM signals accord- 
ing to the present invention comprises a converting 



process to convert a plurality of complex subcarrier sig- 
nals into a complex baseband time waveform of OFDM 
symbols, and a process to add complex redundant sub- 
carriers where one or more complex redundant subcar- 

5 rier signals are generated to reduce the maximum 
amplitude of a complex baseband time waveform of 
OFDM symbols obtained by said converting process, 
and after adding said at least one complex redundant 
subcarrier signals to a plurality of complex information 

io subcarrier signals which transmit information, said con- 
verting process is put into practice. 
[0017] Other features and advantages of the present 
invention will become apparent enough from reading of 
the following description. 

15 

Brief Description of the Drawings 



[0018] 

20 Fig. 1 is a block diagram showing an embodiment of 
an apparatus for transmitting OFDM signals which 
is constructed in accordance with the present 
invention. 

Rgs. 2 A and 2 B are explanatory drawings illustrat- 
es ing operation of an embodiment. 

Fig. 3 is an explanatory drawings illustrating opera- 
tion of an embodiment. 

Fig. 4 is an explanatory drawings illustrating opera- 
tion of an embodiment. 
30 Fig. 5 is an explanatory drawings illustrating opera- 
tion of an embodiment. 

Fig. 6 is a block diagram showing another embodi- 
ment of the present invention. 
Fig. 7 is a block diagram showing another embodi- 
35 ment of the present invention. 

Fig. 8 is an explanatory drawings illustrating opera- 
tion of an embodiment. 

Fig. 9 is an explanatory drawings illustrating opera- 
tion of an embodiment. 
40 Fig. 10 is an explanatory drawings illustrating oper- 
ation of an embodiment. 

Fig. 1 1 is an explanatory drawings illustrating oper- 
ation of an embodiment. 

Fig. 12 is an explanatory drawings illustrating oper- 

45 ation of an embodiment. 

Fig. 13 is a block diagram showing another embod- 
iment of the present invention. 
Fig. 14 is a block diagram showing a specific config- 
uration of a maximum power detecting part 23 

so shown in Fig. 13. 

Fig. 15 is a flow chart illustrating operation of the 
embodiment shown in Fig. 13. 
Fig. 16 is a flow chart illustrating operation of the 
embodiment shown in Fig. 13. 

55 Fig. 17 is a block diagram illustrating another 
embodiment of the present invention. 
Rg. 18 is a flow chart illustrating operation of the 
embodiment shown in Fig. 17. 
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Rg. 19 is a flow chart illustrating operation of the 

embodiment shown in Fig. 17. 

Fig. 20 is a flow chart to show a modification of Fig. 

13. 

Fig. 21 is a graph to illustrate Fig. 20. 

Fig. 22 is a chart illustrating Fig. 20. 

Fig. 23 is a flow chart to show a modification of Fig. 

13. 

Detailed Description of the Preferred Embodiments 

[001 9] Embodiments of the present invention will now 
be described in detail hereinafter with reference to the 
accompanying drawings. Rg. 1 is a block diagram 
showing an embodiment of an apparatus for transmit- 
ting OFDM signals according to the present invention. 
[0020] An inputted information bit sequence is sup- 
plied to a modulating part 1. The modulating part 1 
modulates the information bit sequence in a predeter- 
mined modulating technique, and outputs it to a serial- 
to-parallel converting part 2. The serial-to-parallel con- 
verting part 2 converts a complex information subcarrier 
signal sequence, which has been inputted in series and 
modulated, into a predetermined number of parallel 
subcarrier signals. From the serial-to-parallel converting 
part 2, a plurality of modulating signals are simultane- 
ously outputted as complex information subcarrier sig- 
nals. These complex information subcarrier signals are 
supplied to a fast inverse Fourier transforming part 3. 
[0021] A complex redundant subcarrier signal gener- 
ating part 4 generates, in a method to be described 
later, complex redundant subcarrier signals to reduce 
the maximum amplitude of a complex baseband time 
waveform of OFDM symbols obtained by fast inverse 
Fourier transformation. Complex redundant subcarrier 
signals, which have been generated by the complex 
redundant subcarrier signal generating part 4 (two sig- 
nals in Fig. 1), are supplied to the fast inverse Fourier 
transforming part 3. 

[0022] The fast inverse Fourier transforming part 3 is 
designed to give fast inverse Fourier transforming proc- 
ess to inputted subcarrier. signals, convert them into 
complex baseband time waveforms, and output them to 
a transmitting part 5. 

[0023] The transmitting part 5 generates transmission 
signals and supplies them to an antenna 6 by giving 
transmission processes to the generated complex base- 
band time waveforms, processes such as guard time 
adding process to absorb delay wave components 
caused by multipath, D/A converting process, amplify- 
ing process on transmission signals, and frequency 
converting process. The antenna 6 radiates transmis- 
sion signals. 

[0024] A complex baseband time waveform of OFDM 
symbols from the fast inverse Fourier transforming part 
3 has its amplitude and maximum amplitude value 
changed by each of the subcarrier signals inputted. In 
other words, the range of fluctuation in amplitude of a 



time waveform of OFDM symbols can be controlled by 
properly setting a complex level of each subcarrier sig- 
nal inputted to the fast inverse Fourier transforming part 
3. In this case, amplitude fluctuation of a complex base- 

5 band time waveform of OFDM symbols can be control- 
led, without changing the level of complex information 
subcarrier signals, by properly setting only frequencies 
and levels of complex redundant subcarriers giving no 
influence on information components contained in 

to OFDM signals to be generated. 

[0025] For example, the complex redundant subcar- 
rier signal generating part 4 can generate complex 
redundant subcarrier signals to reduce the maximum 
amplitude of a complex baseband time waveform of 

15 OFDM symbols by generating a complex baseband 
time waveform of OFDM symbols only from complex 
information subcarrier signals by the fast inverse Fourier 
transforming part 3, and then, calculating, on the basts 
of this time waveform, complex redundant subcarrier 

20 signals to be added. 

[0026] In addition, the complex redundant subcarrier 
signal generating part 4 may be designed, for example, 
so that it previously finds complex redundant subcarrier 
signals to reduce the maximum amplitude of a complex 

25 baseband time waveform of OFDM symbols for each 
information bit sequence, prepares a table of informa- 
tion bit sequences and complex redundant subcarrier 
signals, and outputs complex redundant subcarrier sig- 
nals corresponding to the inputted information bit 

30 sequence. In this case, complex redundant subcarrier 
signals are inputted to the fast inverse Fourier trans- 
forming part 3 simultaneously with complex information 
subcarrier signals, and converted into a complex base- 
band time waveform. 

35 [0027] Although Fig. 1 shows configuration to gener- 
ate two complex redundant subcarrier signals, the 
number of complex redundant subcarrier signals can be 
any number as long as the sum of it and the number of 
complex information subcarrier signals is less than the 

40 input point number of the fast inverse Fourier transform- 
ing part 3. 

[0028] Now, operation of the embodiment constructed 
in such a manner will be described with reference to 
explanatory drawings in Figs. 2 A, 2 B, and 3. Fig. 2 A 

45 shows a signal point arrangement of complex informa- 
tion subcarrier signals on a complex plane formed with 
a real axis and an imaginary axis. Fig. 2 B shows posi- 
tions of information subcarrier signals on the frequency 
axis when the axis of abscissas expresses frequencies. 

so Fig. 3 shows complex levels at each sampling point 
when a complex baseband time waveform of OFDM 
symbols is sampled at a plurality of sampling points i 
where the axis of abscissas expresses real axis ampli- 
tude level and the axis of ordinates expresses imaginary 

55 axis amplitude level. 

[0029] An inputted information bit sequence is, after 
being modulated at the modulating part 1, supplied to 
the serial-to-parallel converting part 2 to be converted 
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into parallel complex information subcarrier signals. The 
complex information subcarrier signals are supplied to 
the fast inverse Fourier transforming part 3. 
[0030] The complex redundant subcarrier signal gen- 
erating part 4 generates complex redundant subcarrier s 
signals to reduce the maximum amplitude of a complex 
baseband time waveform of OFDM symbols obtained 
by fast inverse Fourier transformation of complex infor- 
mation subcarrier signals. 

[0031 ] Now, a description will be given on the assump- 10 
tion that the fast inverse Fourier transforming part 3 is 
composed of 16 input points and 16 output points, and 
seven complex information subcarrier signals are out- 
putted from the serial-to-parallel converting part 2 in 
parallel. And, signal points of all seven complex informa- is 
tion subcarrier signals are supposed to be expressed 
with raised "e" to the j-th power as shown in Fig. 2A 
(where "j" expresses imaginary units). Frequencies of 
these complex information subcarrier signals are sup- 
posed to be ±2 k/T, ±4 7i/T t ±6 7t/T, and — 8 7i/T, respec- 20 
tively as shown in Fig. 2 B when the length of an OFDM 
symbol is T. 

[0032] The fast inverse Fourier transforming part 3 
gives fast inverse Fourier transformation to seven com- 
plex information subcarrier signals inputted in parallel 25 
and two complex redundant subcarrier signals in order 
to obtain a complex baseband time waveform of OFDM 
symbols. This complex baseband time waveform is 
composed of 16 samples outputted from 16 output 
points of fast inverse Fourier transformation. 30 
[0033] Now, suppose that a complex baseband time 
waveform of OFDM symbols, which are generated by 
fast inverse Fourier transforming process given to only 
seven complex information subcarrier signals, is 
expressed with dots shown in Fig. 3 expressing complex 35 
amplitude levels at each of 16 sampling points, i = 1 to 
16. Fig. 3 shows that the amplitude of OFDM symbols 
becomes largest when the sampling number i of a dis- 
crete-time waveform of fast inverse Fourier transforma- 
tion output is 9. 40 
[0034] In this embodiment, complex redundant sub- 
carrier signals are set so that the amplitude of discrete- 
time waveform reduces at a sampling number (i = 9), 
where amplitude becomes maximum. In this case, the 
complex redundant subcarrier signal generating part 4 45 
sets frequencies of complex redundant subcarrier sig- 
nals to be added to frequencies other than ones in 
which complex information subcarrier signals already 
exist. That is, frequencies of complex redundant subcar- 
rier signals are set to frequencies, in the example in Fig. so 
2 B, other than ±2 n/T, ±4 */T, ±6 nfT, and — 8 tiff. Fre- 
quencies of complex redundant subcarrier signals may 
be set to any frequency, assuming a complex informa- 
tion subcarrier signal to be non existent. The number to 
set may be 1 or more. 55 
[0035] As described above, complex redundant sub- 
carrier signals from the complex redundant subcarrier 
signal generating part 4 are given to the fast inverse 



Fourier transforming part 3 together with complex infor- 
mation subcarrier signals from the serial-to-parallel con- 
verting part 2. At the fast inverse Fourier transforming 
part 3, fast inverse Fourier transforming process is 
given to complex information subcarrier signals added 
with complex redundant subcarrier signals so as to con- 
vert them into a complex baseband time waveform of 
OFDM symbols. 

[0036] The circle drawn with a broken line in Fig. 3 
expresses amplitude equal to that of discrete-time 
waveform at i = 9. As a result of addition of complex 
redundant subcarrier signals, maximum value of ampli- 
tude will be reduced if a sample of a complex baseband 
time waveform is arranged so as to be inside the broken 
lined circle at all of the sampling points i. 
[0037] For example, when a sample of a complex 
baseband time waveform at i = 9 is moved to the white 
dot due to addition of complex redundant subcarrier sig- 
nals, it means that the maximum value of amplitude is 
reduced. However, if amplitude of a sample of a com- 
plex baseband time waveform at i ° 9 keeps on 
decreasing and a sample of a complex baseband time 
waveform at other sampling points i moves outside the 
circle, it shows that maximum value of amplitude 
results, on the contrary, in increase. Consequently, 
amplitude of discrete-time waveform at all sampling 
points must be considered. 

[0038] The OFDM symbol, whose complex baseband 
time waveform has its level reduced within a predeter- 
mined range, is supplied to the transmitting part 5. The 
transmitting part 5 gives transmitting processes to a 
generated complex baseband time waveform, proc- 
esses such as guard time adding process in order to 
absorb delay wave components caused by muttipath, 
D/A converting process, amplifying process on trans- 
mission signals and frequency converting process, so 
as to generate transmission signals. The transmission 
signals are transmitted from the antenna 6. 
[0039] Naturally, it is unnecessary to add complex 
redundant subcarrier signals when amplitude of a com- 
plex baseband time waveform, which is generated from 
complex information subcarrier signals only, is relatively 
not large. 

[0040] Next, with reference to Figs. 4 and 5, complex 
redundant subcarrier signals to be added and changes 
caused by the addition in a complex baseband time 
waveform of OFDM symbols will be described in detail. 
Fig. 4 is an explanatory drawing to show a signal point 
arrangement of redundant subcarrier signals on a com- 
plex plane, and Fig. 5 is an explanatory drawing corre- 
sponding to Fig. 3. 

[0041 ] Now, suppose that complex redundant subcar- 
rier signals of DC components are generated at the 
complex redundant subcarrier signal generating part 4. 
Fig. 4 is an example of a signal point arrangement to 
show complex redundant subcarrier signals of DC com- 
ponents. As shown in Fig. 4, it is supposed to be the 
value of "e" raised to the -j3 n/4th power. With this com- 



5 



9 EP 0 932 285 A2 



ptex redundant subcarrier signal, maximum value of 
amplitude can be reduced at the sampling point i = 9 of 
a complex baseband time waveform of OFDM symbols 
in Fig. 3, which is generated from complex information 
subcarrier signals shown in Fig. 2 B. 5 
[0042] A complex redundant subcarrier signal is input- 
ted to the fast inverse Fourier transforming part 3 as a 
signal in frequency 0. A complex redundant subcarrier 
signal, as its frequency is 0, becomes a complex base- 
band DC signal when converted into a complex base- 10 
band time waveform. Consequently, when complex 
redundant subcarrier signals shown in Fig. 4 are added, 
a given amount of signals of a complex baseband time 
waveform, which has been generated from complex 
information subcarrier signals only, will be shifted. is 
[0043] Fig. 5 shows a complex baseband time wave- 
form obtained from the fast inverse Fourier transforming 
part 3 when DC components shown at the signal point 
in Fig. 4 (frequency is 0) are added as complex redun- 
dant subcarrier signals to a complex baseband time 20 
waveform of OFDM symbols shown in Fig. 3. 
[0044] The complex baseband time waveform shown 
in Fig. 5 forms a waveform of a shifted complex base- 
band time waveform shown in Fig. 3 generated from 
seven complex information subcarrier signals. As 25 
shown in Fig. 5, the amplitude at the sampling point i = 
9 is found to become smaller than the amplitude at the 
sampling point i = 9 in Fig. 3. 

[0045] Since amplitude at other sampling points i is 
also smaller than the maximum amplitude at the sam- 30 
pling point i = 9 in Fig. 3, it is found that the maximum 
amplitude is reduced by DC component added as com- 
plex redundant subcarrier signals. This reduces the 
maximum instantaneous power, and reduction in back- 
off of a transmitting power amplifier becomes possible. 35 
Besides, since complex redundant subcarrier signals 
are DC components, phase and amplitude of complex 
redundant subcarrier signals can be set easily. 
[0046] Thus, according to this embodiment, maximum 
amplitude can be successfully reduced comparing to a ao 
complex baseband time waveform of OFDM symbols 
generated from only complex information subcarrier sig- 
nals by generating complex redundant subcarrier sig- 
nals, in frequencies other than those where complex 
information subcarrier signals exist, so as to reduce 45 
amplitude of a complex baseband time waveform of 
OFDM symbols, and by generating a complex base- 
band time waveform of OFDM symbols by fast inverse 
Fourier transformation after adding complex redundant 
subcarrier signals to complex information subcarrier so 
signals, without influencing information subcarrier sig- 
nals. 

[0047] That is, since maximum instantaneous power 
of OFDM signals is reduced, reduction in the backoff 
amount of a transmitting power amplifier becomes pos- 55 
sible. In addition, since it is configured simply by adding 
the complex redundant subcarrier signal generating 
part 4 to an OFDM signal transmitting apparatus, a 



related technique, increase in the apparatus scale is rel- 
atively small. Besides, since complex redundant sub- 
carrier signals to be added do not depend on a fixed 
signal point arrangement of output of the modulating 
part 1, amplitude and phase can be set freely, giving a 
wide controlling range to amplitude control of a complex 
baseband time waveform of OFDM symbols. 
[0048] Although complex redundant subcarrier signals 
are supposed to be DC components in Figs. 4 and 5, it 
is apparent that they do not have to be DC components. 
[0049] Fig. 6 is a block diagram showing another 
embodiment of the present invention. In Fig. 6, the 
same components as those in Fig. 1 are given the same 
numbers, and descriptions about them are omitted. This 
embodiment is designed to reduce amplitude of a com- 
plex baseband time waveform of OFDM symbols to be 
transmitted not by adding complex redundant subcarri- 
ers but by adding complex baseband continuous waves. 
[0050] This embodiment differs from the embodiment 
shown in Fig. 1 in that the complex redundant subcarrier 
signal generating part 4 is deleted and a continuous 
wave generating part 7 and an adder 8 are provided. 
That is, to the fast inverse Fourier transforming part 3, 
only complex information subcarrier signals from the 
serial-to-parallel converting part 2 are supplied. 
[0051] The fast inverse Fourier transforming part 3 
transforms only complex information subcarrier signals 
into a complex baseband time waveform of OFDM sym- 
bols. The complex baseband time waveform from the 
fast inverse Fourier transforming part 3 is designed to 
be supplied to the transmitting part 5 through the adder 
8. 

[0052] The continuous wave generating part 7 gener- 
ates complex baseband continuous waves in frequen- 
cies where complex information subcarrier signals do 
not exist. A complex baseband continuous wave to be 
generated has amplitude and phase which can reduce 
the maximum value of the amplitude (power) of a com- 
plex baseband time waveform generated from complex 
information subcarrier signals. 
[0053] Similarly to the embodiment shown in Fig. 1, 
the continuous wave generating part 7 may generate a 
complex baseband continuous wave by calculating 
amplitude and phase of a complex baseband continu- 
ous wave from a sample of a complex baseband time 
waveform when amplitude becomes maximal. Or the 
continuous wave generating part 7 may also be 
designed to have complex baseband continuous waves, 
which correspond to information bit sequence or com- 
plex information subcarrier signals, previously provided 
as a table, and to generate a complex baseband contin- 
uous wave using this table. 

[0054] The adder 8 is designed to add a complex 
baseband continuous wave from the continuous wave 
generating part 7 to a complex baseband time wave- 
form of OFDM symbols from the fast inverse Fourier 
transforming part 3 before outputting them to the trans- 
mitting part 5. 



6 



EP0 932 285 A2 



[0055] Another conf iguration is the same as that of the 
embodiment shown in Fig. 1 . 

[0056] Next, a description will be given on operation of 
the embodiment configured in this manner. 
[0057] An information bit sequence is modulated by s 
the modulating part 1, and converted into parallel com- 
plex information subcarrier signals at the serial-to-paral- 
lel converting part 2. Complex information subcarrier 
signals are converted into a complex baseband time 
waveform of OFDM symbols by the fast inverse Fourier 
transforming part 3. 

[0058] The continuous wave generating part 7, on the 
other hand, generates a complex baseband continuous 
wave which has amplitude and phase to reduce the 
maximum value of amplitude (power) of a complex 
baseband time waveform generated from complex infor- 
mation subcarrier signals, and is in frequencies where 
complex information subcarrier signals do not exist. A 
complex baseband time waveform of OFDM symbols 
from the fast inverse Fourier transforming part 3 and a 
complex baseband continuous wave are added at the 
adder 8 and supplied to the transmitting part 5. 
[0059] Since the complex baseband continuous wave 
has been set to frequencies where no complex informa- 
tion subcarrier signals exist, output of the adder 8 can 
reduce the maximum value of amplitude of a complex 
baseband time waveform from the fast inverse Fourier 
transforming part 3 without giving influence on informa- 
tion components by complex information subcarriers. 
[0060] The transmitting part 5 gives predetermined 
transmitting processes to output of the adder 8, and has 
it transmitted from the antenna 6. 
[0061] Other operation is similar to that of the embod- 
iment shown in Fig. 1. 

[0062] Thus; in this embodiment, the same signals as 
complex redundant subcarrier signals added in the con- 
figuration in Fig. 1 are added as a complex baseband 
continuous wave. With this, effects similar to those in 
the embodiment shown in Fig. 1 can be obtained in this 
embodiment. That is, by adding a complex baseband 
continuous wave, it is possible to reduce the maximum 
amplitude of a complex baseband time waveform of 
OFDM symbols generated from only complex informa- 
tion subcarrier signals. A fall in maximum instantaneous 
power enables reduction in backoff amount of a trans- 
mitting power amplifier. 

[0063] In this embodiment, too, it is apparent that 
there is no necessity to add a complex baseband con- 
tinuous wave when amplitude of a complex baseband 
time waveform generated from only complex informa- 
tion subcarrier signals is relatively small. 
[0064] Another advantage of this embodiment is that 
it simplifies the setting of amplitude and phase com- 
pared to the embodiment shown in Fig. 1, because it 
can calculate the amplitude and phase of a complex 
baseband continuous wave to be added after a complex 
baseband time waveform is generated. 
[0065] Fig. 7 is a block diagram showing another 



embodiment of the present invention. In Fig. 7, the 
same components as those in Fig. 6 are given the same 
numbers, and descriptions of them are omitted. This 
embodiment is designed to add complex baseband DC 
signals instead of a complex baseband continuous 
wave. 

[0066] This embodiment differs from the embodiment 
shown in Fig. 6 in that a DC signal generating part 9 is 
provided instead of the continuous wave generating part 
7. The DC signal generating part 9 is designed to gen- 
erate complex baseband DC signals having amplitude 
and phase which are able to reduce the maximum value 
of amplitude (power) of a complex baseband time wave- 
form generated from complex information subcarrier 
signals, and to output them to the adder 8. The method 
of generating complex baseband DC signals at the DC 
signal generating part 9 is similar to the method of gen- 
erating a complex baseband continuous wave at the 
continuous wave generating part 7. 
[0067] Another configuration is the same as that of the 
embodiment shown in Fig. 6. 

[0068] In an embodiment configured in such a man- 
ner, the DC signal generating part 9 generates complex 
baseband DC signals having amplitude and phase 
which are able to reduce the maximum value of ampli- 
tude (power) of a complex baseband time waveform 
generated from complex information subcarrier signals. 
The adder 8 adds complex baseband DC signals from 
the DC signal generating part 9 to a complex baseband 
time waveform of OFDM symbols from the fast inverse 
Fourier transforming part 3, and outputs them to the 
transmitting part 5. 

[0069] In this case, a complex baseband time wave- 
form outputted from the adder 8 is found to be the one, 
where maximum amplitude of a complex baseband time 
waveform of OFDM symbols from the fast inverse Fou- 
rier transforming part 3 is shifted in the direction to 
reduce. 

[0070] Another operation is similar to that of the 
embodiment shown in Fig. 6. 

[0071] Thus, the same effect as that of the embodi- 
ment shown in Fig. 6 can be obtained. An additional 
advantage is that, since it is configured so that complex 
baseband DC components are added, phase setting of 
complex baseband DC signals is easier compared to 
the embodiment shown in Fig. 6. 
[0072] In each of said embodiments, complex redun- 
dant subcarrier signals, complex baseband continuous 
waves or complex baseband DC components do not 
have influence on complex information subcarrier sig- 
nals to transmit information bit sequence, and only 
instantaneous maximum amplitude of a complex base- 
band time waveform of OFDM symbols to be generated 
is controlled. Consequently, the receiving side needs no 
particular apparatus but can receive with an ordinary 
receiving apparatus. 

[0073] By the way, phase setting becomes simple not 
only in the embodiment in Fig. 6 but also in that shown 
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in Fig. 1 by adding complex redundant subcarrier sig- 
nals of DC components. With reference to Fig. 8 to Fig. 
10, a description will be given on an example where 
complex redundant subcarrier signals of DC compo- 
nents or complex baseband DC signals are added. Fig. 

8 is an explanatory drawing to show a signal point 
arrangement of redundant subcarrier signals on a com- 
plex plane, and Fig. 9 is an explanatory drawing corre- 
sponding to Fig. 3. Fig. 10 is a graph to show changes 
in power level of a complex baseband time waveform 
before and after addition of complex redundant subcar- 
rier signals of DC components when the axis of abscis- 
sas expresses time sampling points i and the axis of 
ordinates expresses power level. 

[0074] In order to drastically reduce the maximum 
amplitude of a complex baseband time waveform, all 
that is required is that the phase is set to shift to be 
antiphase to the phase of a sample of a complex base- 
band time waveform when the amplitude becomes max- 
imal. That is, it is enough if the phase of the DC 
component to be added, such as complex redundant 
subcarrier signals or complex baseband DC signals, is 
antiphase to the phase of a sample of a complex base- 
band time waveform when amplitude becomes maxi- 
mal. 

[0075] Now, suppose that complex redundant subcar- 
rier signals, which are DC component to reduce the 
maximum amplitude drastically, are added to complex 
information subcarrier signals shown in Fig. 3. In this 
case, all required is to set signal points of complex 
redundant subcarrier signals to be antiphase to the 
phase of a sampling point where amplitude of a com- 
plex baseband time waveform shown in Fig. 3 becomes 
maximal (i = 9). That is the phase of complex redundant 
subcarrier signals of DC components is set to - n 12. 
[0076] The amplitude of complex redundant subcar- 
rier signals of DC components is set so that the ampli- 
tude of a complex baseband time waveform after 
shifting at sampling points, except the sampling point i = 
9, does not exceed the maximum amplitude of a com- 
plex baseband time waveform before shifting. Here, as 
an example, amplitude is supposed to be 2. Conse- 
quently, a signal point of complex redundant subcarrier 
signals of DC components is set as shown in Fig. 8. 
[0077] In a case where complex redundant subcarrier 
signals of DC components shown in Fig. 8 are added to 
complex information subcarrier signals, a complex 
baseband time waveform generated by fast inverse 
Fourier transformation turns out to be the one shown in 
Fig. 9. As apparent in comparison between Figs. 3 and 
9, maximum value of amplitude at the sampling point i = 

9 is significantly reduced. 

[0078] Thus, by setting a signal point of complex 
. redundant subcarrier signals or complex baseband DC 
signals, DC compounds, to be antiphase to a sample of 
a complex baseband time waveform when amplitude 
becomes maximal, the maximum value of amplitude 
can be reduced efficiently. In order to set to anti-phase, 



all that is required is to calculate the phase of a sample 
of a complex baseband time waveform when amplitude 
becomes maximal. Compared with a case, where com- 
ponents other than DC components are added, phase 
5 setting of complex redundant subcarrier signals of DC 
components or complex baseband DC signals is sim- 
pler. 

[0079] Fig. 10 shows power of OFDM symbols gener- 
ated from only complex information subcarrier signals 

10 and power of OFDM symbols generated after addition 
of complex redundant subcarrier signals of DC compo- 
nents in Fig. 8. As shown in Fig. 10, it is found that 
instantaneous maximum power is reduced to half by 
adding complex redundant subcarrier signals. Thus, 

is since instantaneous maximum power is reducible, 
reduction in backoff amount of a transmitting power 
amplifier becomes possible. 

[0080] As stated above, while it is effective to calculate 
phase and amplitude of complex redundant subcarrier 

20 signals or complex baseband continuous waves on the 
basis of a complex baseband time waveform generated 
from complex information subcarrier signals, instanta- 
neous setting of complex redundant subcarrier signals 
or complex baseband time waveforms becomes possi- 

25 ble by previously preparing a table showing the relation 
to complex redundant subcarrier signals corresponding 
to an information bit sequence or complex information 
subcarrier signals, or to complex baseband continuous 
waves. 

30 [0081] Fig. 11 is an explanatory drawing showing an 
example of such a table where two complex redundant 
subcarrier signals are added. 
[0082] In Fig. 1 1 , the example shows a case where 
two complex redundant subcarrier signals are gener- 

35 ated when complex information subcarrier signals are 
generated on the basis of a 7-bit information bit 
sequence. That is, for each information bit sequence, 
amplitude and phase of the complex redundant subcar- 
rier signal 1 and the complex redundant subcarrier sig- 

40 nat 2 to reduce the maximum amplitude of a complex 
baseband time waveform are shown. 
[0083] Since 128 combinations are possible for 7-bit 
information bits, it is necessary to previously calculate 
amplitude and phase of the complex redundant subcar- 

45 her signal 1 and the complex redundant subcarrier sig- 
nal 2 respectively, and to set them for 128 kinds of 
information bit sequences. By preparing a table of com- 
plex redundant subcarrier signals, it becomes possible 
to set complex redundant subcarrier signals or complex 

so baseband continuous waves instantly. 

[0084] It is apparent that the receiving side need not 
prepare the table, and can demodulate complex infor- 
mation subcarrier signals by ordinary processes to 
receive OFDM signals. 

55 [0085] It is not always necessary to set the maximum 
amplitude of a complex baseband time waveform of 
OFDM symbols to minimum as long as it is below a pre- 
determined threshold value. Fig. 12 is an explanatory 
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drawings illustrating a threshold value. Fig. 12 corre- 
sponds to Fig. 3. 

[0086] A threshold value is set for amplitude or power 
of a complex baseband time waveform of OFDM sym- 
bols to be sent, then, the amplitude of complex redun- s 
dant subcarrier signals of DC components or complex 
baseband DC signals, is set so that a whole complex 
baseband time waveform is shifted by the amount which 
exceeded the threshold value. 

[0087] Now, suppose that a complex baseband time 10 
waveform of OFDM symbols generated from informa- 
tion subcarrier signals is as shown in Fig. 3. In Fig. 12, 
the threshold value of amplitude is expressed in a bro- 
ken line. As shown in Fig. 12, amplitude, which is 
smaller than maximum amplitude of a complex base- is 
band time waveform shown in Fig. 3, is set as the 
threshold value. 

[0088] In this case, since the maximum amplitude of a 
complex baseband time waveform based on complex 
information subcarriers is larger than the threshold 20 
value of set amplitude, a complex baseband time wave- 
form is shifted so that the maximum value of the com- 
plex baseband time waveform stays within the threshold 
value. The direction to shift is antiphase to the phase of 
a sample of a complex baseband time waveform when 25 
amplitude becomes maximal. The amount to shift is the 
one which exceeded the threshold value. 
[0089] That is, a phase of complex redundant subcar- 
rier signals of DC components or complex baseband 
DC signals to be added, is set to be antiphase to a sam- 30 
pie of a complex baseband time waveform when ampli- 
tude becomes maximal, and amplitude is set to the 
amplitude of the difference from the threshold value. 
Fig. 12 shows a complex baseband time waveform 
obtained by adding complex redundant subcarrier sig- 35 
nals of DC components or complex baseband DC sig- 
nals set in such a manner. 

[0090] When complex redundant subcarrier signals of 
DC components or complex baseband DC signals are 
added, amplitude at all sampling points i of a complex 40 
baseband time waveform becomes a value within the 
threshold value. Consequently, a maximum value of 
amplitude of a complex baseband time waveform is lim- 
ited to be within the threshold value, and reduction in 
maximum instantaneous power becomes possible. 45 
Amplitude of complex redundant subcarrier signals of 
DC components or complex baseband DC signals can 
also be calculated easily. 

[0091] In this case, too, it is apparent that addition of 
complex redundant subcarrier signals or complex base- so 
band DC signals are not necessary when the amplitude 
of a complex baseband time waveform stays with the 
threshold value at all sampling points i. 
[0092] Next, a concrete description will be given on a 
method of calculating the phase and amplitude of com- 55 
plex redundant subcarrier signals or complex baseband 
continuous waves on the basis of a complex baseband 
time waveform generated from complex information 



subcarrier signals. 

[0093] Fig. 13 is a block diagram showing a specific 
embodiment of that shown in Fig. 7, where it has 
become possible to calculate complex baseband DC 
signals so as to minimize the maximum amplitude of a 
complex baseband time waveform of OFDM symbols. In 
Fig. 13. the same components as those in Fig. 7 are 
given the same numbers, and descriptions about them 
are omitted. 

[0094] The fast inverse Fourier transforming part 3 is 
composed of a fast inverse Fourier transforming circuit 
(hereinafter referred to as IFFT) 21 and a parallel-to- 
serial converting part 22. The IFFT 21 converts inputted 
complex information subcarrier signals into a time sam- 
ple and outputs it to the parallel-to-serial converting part 
22. The parallel-to-serial converting part 22 sequences 
inputted parallel data in series, and outputs a complex 
baseband time waveform of OFDM symbols to the 
adder 8. The adder 8 adds complex baseband DC sig- 
nals from a DC signal generating part 24 to output of the 
fast inverse Fourier transforming part 3 before output- 
ting them to the transmitting part 5. 
[0095] In this embodiment, output of the adder 8 is 
designed to be supplied also to a maximum power 
detecting part 23. The maximum power detecting part 
23 detects a time sample when power (amplitude) of an 
inputted complex baseband time waveform becomes 
maximal, and outputs phase of the time sample to the 
DC signal generating part 24. 
[0096] Fig. 14 is a block diagram showing a specific 
configuration of the maximum power detecting part 23 
shown in Fig. 13. 

[0097] The maximum power detecting part 23 is com- 
posed of a polar coordinate converting part 25 and a 
selecting part 26. The polar coordinate converting part 
25 is configured with a Pythagorean processor and oth- 
ers, converts a complex baseband time waveform from 
the adder 8 into a polar coordinate and outputs its 
amplitude and phase to the selecting part 26. The 
selecting part 26 compares the amplitude of each time 
sample of the inputted complex baseband time wave- 
form, and selects a time sample when amplitude 
becomes maximal, that is, when the power becomes 
maximal. The selecting part 26 is designed to output the 
phase e of selected time sample to the DC signal gen- 
erating part 24. 

[0098] The DC signal generating part 24 is designed 
to generate complex baseband DC signals, which are 
antiphase to the phase e from the maximum power 
detecting part 23, so as to reduce the maximum value of 
amplitude (power) of a complex baseband time wave- 
form generated from complex information subcarrier 
signals, and to output them to the adder 8. 
[0099] Next, operation of the embodiment configured 
in such a manner will be described with reference to Fig. 
15. Fig. 15 is a flow chart to explain operation of the 
embodiment shown in Fig. 13. 
[0100] In the step S1 in Fig. 15, complex information 
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subcarrier signals are generated from an information bit 
sequence. That is, an information bit sequence is mod- 
ulated by the modulating part 1 , then, converted into 
parallel data by the serial-to-parallel converting part 2. 
In the next step S2, complex information subcarrier sig- 
nals are given to the fast inverse Fourier transforming 
part 3 to be transformed into a complex baseband time 
waveform. 

[0101] The complex baseband time waveform from 
the fast inverse Fourier transforming part 3 is supplied 
to the maximum power detecting part 23 through the 
adder 8. At this point of time, the DC signal generating 
part 24 does not have to output signals to the adder 8. It 
may be also designed to output a predetermined initial 
value. In the step S3, the maximum power detecting 
part 23 selects a time sample having the maximum 
power (amplitude) of a complex baseband time wave- 
form of generated OFDM symbols, and detects the 
phase 8 of the selected time sample. 
[0102] Information on this phase 6 is supplied to the 
DC signal generating part 24. The DC signal generating 
part 24 generates complex baseband DC signals( Ae 
) which is antiphase to a time sample having a maxi- 
mum amplitude or maximum power. "A" expresses 
amplitude of complex baseband DC signals, and "f is 
an imaginary unit. 

[0103] Complex baseband DC signals generated at 
the DC signal generating part 24 are given to the adder 
8 to be added to each time sample of a complex base- 
band time waveform from the fast inverse Fourier trans- 
forming part 3 (step S4). This reduces instantaneous 
maximum power of a complex baseband time waveform 
of OFDM symbols. 

[0104] In the next step S5, output of the adder 8 is 
supplied to the transmitting part 5 and transmitted from 
the antenna 6. 

[0105] Thus, in this embodiment, instantaneous max- 
imum power of a complex baseband time waveform of 
OFDM symbols is reduced by detecting a time sample 
when power of a complex baseband time waveform 
generated from only complex information subcarrier sig- 
nals becomes maximal, and adding complex baseband 
DC signals, which are antiphase to the time sample, to 
a complex baseband time waveform based on complex 
information subcarrier signals. This reduces backoff of a 
transmitting power amplifier, makes efficient power 
amplification possible, and realizes power conservation 
in a transmitting apparatus. 

[0106] In addition, in Fig. 13, since the configuration is 
simply added with only the maximum power detecting 
part 23; the DC signal generating part 24 and the adder 
8, increase in the apparatus scale is relatively small: 
and instantaneous power of a complex baseband time 
waveform of OFDM symbols can be reduced. Besides; 
since complex baseband DC signals to be added do not 
depend on the mapping method of the modulating part 
1 , amplitude and phase can be set freely. 
[0107] Though, in Fig. 13. it is configured so that max- 



imum power is detected after conversion into a complex 
baseband time waveform by the parallel -to-serial con- 
verting part 22, it may also be configured so that a par- 
allel time sample before parallel-to-serial conversion is 

5 supplied to the maximum power detecting part 23. Sim- 
ilarly, the configuration, where complex baseband DC 
signals outputted from the DC signal generating part 24 
are added at the adder 8 after parallel-to-serial conver- 
sion, may also be so that complex baseband DC signals 

10 are added to each parallel time sample before serial 
conversion. 

[0108] In Fig. 15, instantaneous maximum power of 
complex baseband signals is reduced by adding com- 
plex baseband DC signals only once. However, instan- 

15 taneous maximum power can be reduced more 
efficiently by repeating addition a plurality of times. 
[01 09] Fig. 16 is a flow chart to show operation flow in 
this case. In Fig. 16, the same procedures as those in 
Fig. 15 are given the same numbers, and descriptions 

20 about them are omitted. 

[0110] The operation up to generation of a complex 
baseband time waveform based on an information bit 
sequence is similar to that in Fig. 15. In the step S13 in 
Fig. 16, the number of times to add, "n", is initialized to 

25 0. In the next step S14, it is decided whether "n" has 
reached a set number of times "1ST. In the succeeding 
step S15, "n" is incremented and goes on to the process 
in the step S3. 

[0111] In the step S3, the phase 6 of a time sample 
30 having maximum power is detected at the maximum 
power detecting part 23, and complex baseband DC 
signals, which are antiphase to this phase 0, are gener- 
ated at the DC signal generating part 24. In the next 
step S4, at the adder 8, complex baseband DC signals 
35 from the DC signal generating part 24 are added to a 
complex baseband time waveform based on an infor- 
mation bit sequence. 

[0112] This reduces the maximum amplitude of a 
complex baseband time waveform from the adder 8. In 
40 the next step S14, whether "n" has reached "N" is 
decided. When "N" is two or more, processes in the 
steps S15, S3, S4 are repeated again for the second 
adding process. 

[01 1 3] This further reduces maximum amplitude of a 
45 complex baseband time waveform from the adder 8. 
After processes in the steps S3, S4 are repeated "N" 
times, the process goes on to the step S18 where a 
complex baseband time waveform from the adder 8 is 
transmitted by the transmitting part 5. 
so [01 14] When "N" is set to 0, a complex baseband time 
waveform based on an information bit sequence is 
transmitted as it is from the transmitting part 5 without 
adding complex baseband DC signals. 
[01 1 5] Thus, by repeating a plurality of times the proc- 
55 ess to detect a time sample having the maximum power 
(amplitude) of a complex baseband time waveform of 
OFDM symbols and the process to add complex base- 
band DC signals; which are antiphase to the time sam- 



10 




EPO 



pie, reducing effect on instantaneous maximum power 
of a complex baseband time waveform of OFDM sym- 
bols can be increased more than in a case where com- 
plex baseband DC signals are added only once. 
Consequently, backoff of a transmitting power amplifier 
can be more reduced than in the case shown in Fig. 15. 
Thus, highly efficient power amplification becomes pos- 
sible to realize a transmitting apparatus which reduces 
power consumption. 

[0116] Fig. 17 is a block diagram showing another 
embodiment of the present invention. In Fig. 17, the 
same components as those in Fig. 13 are given the 
same numbers, and descriptions about them are omit- 
ted. This embodiment is an example where it is made 
possible to calculate complex redundant subcarrier sig- 
nals of DC components for minimizing maximum ampli- 
tude of a complex baseband time waveform of OFDM 
symbols (hereinafter referred to as complex DC subcar- 
rier signals). 

[01 17] This embodiment differs from the embodiment 
in Fig. 13 in that the adder 8 is omitted and a complex 
DC subcarrier signal generating part 31 is provided 
instead of the DC signal generating part 24. In this 
embodiment, the maximum power detecting part 23 is 
designed to detect a time sample when power (ampli- 
tude) of a baseband time waveform of OFDM symbols 
from the fast inverse Fourier transforming part 3 
becomes maximal, and to supply information on the 
phase 0 to the complex DC subcarrier signal generating 
part 31. 

[0118] The complex DC subcarrier signal generating 
part 31 is designed to generate complex DC subcarrier 
signals in anti-phase to the phase of a time sample 
when power (amplitude) becomes maximal, and to out- 
put them to the fast inverse Fourier transforming part 3: 
The generated complex DC subcarrier signals are 
inputted as DC components (frequency is 0) to the fast 
inverse Fourier transforming part 3, and converted into 
a plurality of time samples together with complex infor- 
mation subcarrier signals by the fast inverse Fourier 
transforming part 3. 

[0119] Other configuration is similar to that of the 
embodiment in Fig. 13. 

[0120] Next, operation of an embodiment configured 
in such a manner will be described with reference to Fig. 
18. Fig. 18 is a flow chart illustrating operation of the 
embodiment in Fig. 17. In Fig. 18, the same procedures 
as those in Fig. 15 are given the same numbers, and 
descriptions about them are omitted. 
[0121] In the step S1 in Fig. 18, complex information 
subcarrier signals are generated from an information bit 
sequence. That is, the information bit sequence, after 
being modulated by the modulating part 1 , is converted 
into parallel data by the serial-to-parallel converting part 
2. 

[0122] Next, in the step S2, complex information sub- 
carrier signals are given to the fast inverse Fourier 
transforming part 3 to be transformed into a complex 
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baseband time waveform. At this point of time, a com- 
plex baseband time waveform of OFDM is obtained 
using only complex information subcarrier signals. 
[0123] A complex baseband time waveform from the 

5 fast inverse Fourier transforming part 3 is supplied to 
the maximum power detecting part 23. In the step S3, a 
time sample having maximum power (amplitude) of a 
complex baseband time waveform is detected, and 
information on the phase 6 of this time sample is sup- 

io plied to the complex DC subcarrier signal generating 
part31. 

[01 24] The complex DC subcarrier signal generating 
part 31 generates complex DC sitocarrier signals ( A'e' 
& ) in anti-phase to a time sample having a maximum 

is amplitude or maximum power. "A m expresses amplitude 
of complex DC subcarrier signals. 
[0125] Complex DC subcarrier signals generated at 
the complex DC subcarrier signal generating part 31 
are added to complex information subcarrier signals as 

20 DC components (frequency is 0), then, given to the fast 
inverse Fourier transforming part 3 (the step S21). 
[01 26] The fast inverse Fourier transforming part 3, in 
the step S22, again generates a complex baseband 
time waveform of OFDM symbols from complex infor- 
ms mation subcarrier signals and complex DC subcarrier 
signals, redundant components. This reduces instanta- 
neous maximum power of a complex baseband time 
waveform of OFDM symbols. 
[0127] In the next step S5, output of the fast inverse 

30 Fourier transforming part 3 is supplied to the transmit- 
ting part 5 and transmitted from the antenna 6. 
[01 28] Thus, in this embodiment, instantaneous max- 
imum power of a complex baseband time waveform of 
OFDM symbols is reduced by detecting a time sample 

35 when power (amplitude) of a complex baseband time 
waveform of OFDM symbols generated from only com- 
plex information subcarrier signals becomes maximal, 
and adding complex DC subcarrier signals, which are 
antiphase to the time sample, to complex information 

40 subcarrier signals. Since reduction in instantaneous 
maximum power reduces backoff of a transmitting 
power amplifier, highly efficient power amplification 
becomes possible to realize a transmitting apparatus 
which can reduce power consumption. 

45 [0129] In addition, since this embodiment is config- 
ured by adding only the maximum power detecting part 
23 and the complex DC subcarrier signal generating 
part 31 , it is possible to reduce instantaneous maximum 
power of a complex baseband time waveform of OFDM 

so symbols without extremely enlarging the apparatus 
scale. Besides, since complex DC subcarrier signals to 
be added do not depend on the mapping method of the 
modulating part 1, amplitude and phase can be set 
freely. 

55 [0130] Although this embodiment is configured, simi- 
larly to the embodiment in Fig. 13, so that output of the 
fast inverse Fourier transforming part 3 is converted into 
a complex baseband time waveform of OFDM symbols 
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by the parallel-to-serial converting part 22 before maxi- 
mum power is detected, it may also be configured so 
that a parallel time sample before parallel-to-serial con- 
version is inputted to the maximum power detecting part 
23. The maximum power detecting part 23, in addition 
to outputting information on the phase 6 to the complex 
DC subcarrier signal generating part 31 , can be realized 
with the same configuration as that shown in Fig. 14. 
[0131] In Fig. 18, instantaneous maximum power of 
complex baseband signals is reduced by adding com- 
plex DC subcarrier signals only once. However, when 
addition is repeated a plurality of times, instantaneous 
maximum power can be reduced more efficiently. 
[0132] Fig. 19 is a flow chart to show operation flow in 
this case. In Fig. 19, the same procedures as those in 
Fig. 18 are given the same numbers, and descriptions 
about them are omitted. 

[0133] In Rg. 19, first, times "n" to add is initialized to 
0 in the step S25. In the following steps S1 and S2, the 
operation, where a complex baseband time waveform is 
generated based on an information bit sequence, is 
similar to that in Rg. 18. 

[0134] In the step S26, whether "n" has reached a pre- 
determined times "N" is decided. In the step S27, "n" is 
incremented, and goes on to the process in the step 
S21. 

[0135] In the step S21 , the phase 6 of a time sample 
having maximum power is detected at the maximum 
power detecting part 23, arid complex DC subcarrier 
signals, which are antiphase to this phase 0, are gener- 
ated at the complex DC subcarrier signal generating 
part 31. In the next step S22, complex DC subcarrier 
signals are added to a complex baseband time wave- 
form based on an information bit sequence, and sup- 
plied to the fast inverse Fourier transforming part 3. 
[0136] In the step S2, a second fast inverse Fourier 
transforming process is given. The maximum amplitude 
of a complex baseband time waveform from the fast 
inverse Fourier transforming part 3 is more reduced 
than that after a first fast inverse Fourier transformation. 
In the next step S26, "n w is decided whether it has 
reached "N". When "N" is two or more, processes in the 
steps S27, S21 , S22 are repeated again in order to per- 
form a second adding process. 
[0137] This further reduces the maximum amplitude of 
a complex baseband time waveform from the fast 
inverse Fourier transforming part 3. When the proc- 
esses in the steps S21 , S22 are repeated "N" times, the 
process goes on to the step S18, and a complex base- 
band time waveform from the fast inverse Fourier trans- 
forming part 3 is transmitted by the transmitting part 5. 
[0138] When "N" is set to 0, a complex baseband time 
waveform based on an information bit sequence is 
transmitted as it is from the transmitting part 5 without 
adding complex baseband DC signals. 
[0139] Thus, effects on reduction in instantaneous 
maximum power of a complex baseband time waveform 
of OFDM symbols is increased than in a case where 



complex DC subcarrier signals are added only once by 
detecting a time sample having a maximum power 
(amplitude) of a complex baseband time waveform of 
OFDM symbols, and giving a plurality of times a proc- 

5 ess to add complex DC subcarrier signals which are 
antiphase to the time sample. Consequently, bacakoff of 
a transmitting power amplifier can be further reduced 
than in the case in Fig. 18, highly efficient power ampli- 
fication becomes possible, and a transmitting appara- 

w tus, which economizes power consumption, is realized. 
[0140] In Figs. 16 and 19, the description was given 
on an example where instantaneous maximum power of 
a complex baseband time waveform of OFDM symbols 
is sufficiently reduced by adding complex baseband DC 

is signals or complex DC subcarrier signals. However, 
when amplitude of complex baseband DC signals or 
complex DC subcarrier signals to be added is fluctuated 
correspondingly to times to add, "n", instantaneous 
maximum power of a complex baseband time waveform 

20 of OFDM symbols can be further reduced even when 
the set number of times "N N is small. 
[01 41 ] That is, when amplitude of complex baseband 
DC signals to be added for the n-th time is "An", partic- 
ularly, if the amplitude is fluctuated so as to be An < An- 

25 1, it prevents instantaneous maximum power from 
diverging or rocking, and enables instantaneous maxi- 
mum power to get converged efficiently at an optimum 
value. 

[01 42] Rg. 20 is a flow chart illustrating the operation 
30 flow in this case, in Rg. 20, the same procedures as 
those in Fig. 16 are given the same numbers, and 
descriptions about them are omitted. 
[01 43] Fig. 20 shows a case where amplitude of com- 
plex baseband DC signals is fluctuated correspondingly 
. 35 to "n". It is apparent that a similar operation flow is pos- 
sible when amplitude of complex DC subcarrier signals 
is fluctuated correspondingly to "n". 
[01 44] Fig. 20 differs from Rg. 1 6 in that a step S31 is 
provided instead of the step S4. 
40 [01 45] In the step S31 , the DC signal generating part 
24 is designed to generate complex baseband DC sig- 
nals with amplitude "An", and to add this complex base- 
band DC signals to output of the fast inverse Fourier 
transforming part 3 by the adder 8. 
45 [0146] Other procedures are similar to those in Fig. 
16. 

[0147] Now, a description will be given on effects on 
reduction in amplitude of a complex baseband time 
waveform when the flow in Fig. 20 is adopted with refer- 
so ence to Figs. 21 and 22. Rg. 21 is a graph to express 
effects on reduction in amplitude of a complex base- 
band time waveform with peak factor R on the axis of 
abscissas and cumulative distribution function (cdf) 
(F(R)) on the axis of ordinates. Fig. 22 is a chart to show 
55 maximum value; Rmax, of peak factor when cumulative 
distribution function F(R) is 0.99. 
[0148] Now, suppose that the fast inverse Fourier 
transforming part 3 is composed of 16 input points, and 
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seven complex information subcarrier signals are to be 
inputted. Frequencies of seven complex information 
subcarrier signals are supposed to be ±2 n/T, ±4 tl/T ±6 
7i/T, —Sn/T respectively when OFDM symbol length is 

[0149] Fig. 21 shows a distribution of maximum ampli- 
tude of a complex baseband time waveform generated 
in this case. That is, Fig. 21 sets forth effects on ampli- 
tude reduction with cumulative distribution function (cdf) 
of instantaneous maximum amplitude of a complex 
baseband time waveform when amplitude "An" is set. 
The axis of abscissas expresses instantaneous maxi- 
mum amplitude (peak factor R) normalized by 



and the axis of ordinates expresses cumulative distribu- 
tion function F(R) of peak factor R. 
[01 50] In Fig. 21 , a solid line shows an example where 
complex baseband DC signals are not added. When the 
mean power of a complex baseband time waveform of 
OFDM symbols is supposed to be Pave, a black dot in a 
solid line in Fig. 21 is an example where 



An = (l/4)V^7 , 
a triangle in a solid line is an example where 



An = (1/2)V^ 



and a square in a solid line is an example where 
A* 1 = V^ ave - 



That is, in these examples, amplitude "An" of complex 
baseband DC signals to be added does not depend on 
"n" but is constant. 

[0151] Meanwhile, an "X" in a solid line in Fig. 21 is an 
example where amplitude "An" of complex baseband 
DC signals fluctuates, An = (1/2)An- 1 , and an initial 
value 



[01 52] A set number "N" to add compl ex baseband DC 
signals is supposed to be N = 5. 
[0153] As shown in Fig. 21 , it is found that, both when 
"An" is constant and when "An" fluctuates correspond- 
ingly to "n", peak factor R, that is, instantaneous maxi- 
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mum amplitude is more reduced by adding complex 
baseband DC signals than a complex baseband time 
waveform of original OFDM symbols before addition of 
complex baseband DC signals. 

5 [01 54] It is also found that, when two cases are com- 
pared, a case where amplitude "An" of complex base- 
band DC signals does not depend on "n" but is constant 
and a case where "An" fluctuates correspondingly to 
"n", peak factor R (instantaneous maximum amplitude) 

10 is largely reduced when "An" fluctuates correspondingly 
to "n" than in any case where "An" is constant. 
[01 55] In Fig. 22, a value of peak factor R is found to 
be as Rmax for each case in Fig. 21 when a value of 
cumulative distribution function F(R) becomes 0.99. 

is That is, Rmax expresses a value when peak factor R of 
99 % of a complex baseband time waveform becomes 
same as or below Rmax. 

[0156] As shown in Fig. 22, it is found that, by adding 
complex baseband DC signals, instantaneous maxi- 

20 mum amplitude is reduced to 0.92 - 0.83 times com- 
pared to the original complex baseband time waveform 
before complex baseband DC signals are added. That 
is, power is reduced to 0.85 - 0.69 times, and this con- 
firms that addition of complex baseband DC signals 

25 largely reduces instantaneous maximum power. It is 
found that, particularly when amplitude "An" of complex 
baseband DC signals fluctuates correspondingly to "n", 
reduction in maximum instantaneous amplitude (power) 
is largest. 

30 [01 57] Thus, Figs. 21 and 22 show that instantaneous 
maximum amplitude (power) can be reduced more 
largely when addition is done while amplitude "An" fluc- 
tuates correspondingly to "n" than when complex base- 
band DC signals of same amplitude are added. In other 

35 words, by making amplitude "An" fluctuate correspond- 
ingly to n n", instantaneous maximum amplitude (power) 
of a complex baseband time waveform of OFDM sym- 
bols can be reduced efficiently in a smaller number of 
times. 

40 [01 58] Although the description in Figs. 20 to 22 was 
given on examples where complex baseband DC sig- 
nals are added, it is apparent that the description can 
also be applied to cases where complex DC subcarrier 
signals are added. 

45 [0159] Although instantaneous maximum power 
(amplitude) of a complex baseband time waveform is 
largely reduced by adding complex baseband DC sig- 
nals a plurality of times as shown in Fig. 20, when max- 
imum instantaneous power is relatively small, a 

so complex baseband time waveform may be outputted to 
the transmitting part 5, without repeating addition of 
complex baseband DC signals or complex DC subcar- 
rier signals a previously determined set number "N" of 
times, after adding a number of times less than "N". 

55 When instantaneous maximum power before addition of 
complex baseband DC signals or complex DC subcar- 
rier signals is small enough, complex baseband DC sig- 
nals or complex DC subcarrier signals do not have to be 
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added. 

[0160] Rg. 23 is a flow chart to show an example 
where addition of complex baseband DC signals or 
complex DC subcarrier signals is designed to be per- 
formed a number of times less than "N", a set number, s 
by detecting that instantaneous maximum power of a 
complex baseband time waveform has become smaller 
than a threshold value which is set previously. In Rg. 23, 
the same components as those in Rg. 20 are given the 
same numbers, and descriptions about them are omit- 10 
ted. 

[0161] Rg. 23 differs from Rg. 20 in that a procedure 
in the step S41 is added. The process, after detecting a 
time sample having maximum power of a complex 
baseband time waveform in the step S3, goes on to the is 
step S41. The step S41 decides whether maximum 
power is below a threshold value or not. If it is not below 
a threshold value, the process goes on to the next step 
S31 to perform addition of complex baseband DC sig- 
nals, similarly in Rg. 20. 20 
[0162] When maximum power is below a threshold 
value, the process proceeds to the step S18 so as to 
stop the process to add complex baseband DC signals, 
and to make output of the adder 8 transmitted from the 
transmitting part 5. 25 
[01 63] That is, the process to add complex baseband 
DC signals by the steps S3, S31 are repeated until 
either the number of times "n" to add complex baseband 
DC signals reaches the number "N", a previously set 
number of times, or instantaneous maximum power of a 30 
complex baseband time waveform falls below a previ- 
ously set threshold value. 

[0164] The process in the step S41 can be realized by 
the maximum power detecting part 23 in Fig. 14. The 
maximum power detecting part 23 selects a time sam- 35 
pie when power of a complex baseband time waveform 
of OFDM symbols becomes maximal. The phase e of 
the selected time sample may be detected at this time, 
or in a later step. Amplitude "An" may be constant with- 
out depending on V, or may be made fluctuate corre- 40 
spondingly to "n". 

[0165] Thus, when maximum instantaneous power is 
small enough, the process to add complex baseband 
DC signals can be stopped before adding complex 
baseband DC signals or complex DC subcarrier signals 45 
"N" times, realizing an efficient process. 
[0166] Although, in Fig. 23, the description was given 
on an example where complex baseband DC signals 
are added in order to reduce instantaneous maximum 
power of a complex baseband time waveform of OFDM so 
symbols, it is obvious that the same effect is obtained 
even when complex DC subcarrier signals are added. 
[01 67] In the present invention, it is apparent that var- 
ious embodiments in wide range are possible to be con- 
figured on the basis of the present invention without any 55 
departure from the spirit and scope thereof. The present 
invention is limited only by the appended claims, and 
not limited to specific embodiments thereof. 
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Claims 

1 . An apparatus for transmitting OFDM signals, char- 
acterized in that said apparatus comprises: 

converting means for converting a plurality of 
complex subcarrier signals into a complex 
baseband time waveform of OFDM symbols; 
and 

complex redundant subcarrier adding means 
for generating at least one complex redundant 
subcarrier signal to reduce a maximum ampli- 
tude of said complex baseband time waveform 
of OFDM symbols from said converting means, 
adds said at least one complex redundant sub- 
carrier signal to said plurality of complex infor- 
mation subcarrier signals, and gives said at 
least one complex redundant subcarrier signal 
and said plurality of complex information sub- 
carrier signals to said converting means. 

2. An apparatus for transmitting OFDM signals 
according to claim 1, wherein said complex redun- 
dant subcarrier signals dre DC component. 

3. An apparatus for transmitting OFDM signals 
according to claim 2, wherein a phase of complex 
redundant subcarrier signals of DC component is 
antiphase to a phase of a maximum value of ampli- 
tude of a complex baseband time waveform gener- 
ated from a plurality of said complex information 
subcarrier signals to transmit information. 

4. An apparatus for transmitting OFDM signals 
according to claim 2, wherein, when the maximum 
value of amplitude of a complex baseband time 
waveform of OFDM symbols generated from a plu- 
rality of said complex information subcarrier signals 
to transmit information exceeded a previously set 
threshold value, said complex redundant subcarrier 
signals of DC components are set to the amplitude 
of the difference between the maximum value of 
amplitude of said complex baseband time wave- 
form and said threshold value. 

5. An apparatus for transmitting OFDM signals 
according to claim 1 , wherein a table is provided to 
show the relation of information to be transmitted by 

a plurality of said complex information subcarrier 

signals to said complex redundant subcarrier sig- 
nals to reduce the maximum amplitude of a com- 
plex baseband time waveform of said OFDM 
symbols. 

6. An apparatus for transmitting OFDM signals 
according to claim 1 , wherein said complex redun- 
dant subcarrier signals are set to frequencies which 
do not exist in said complex information subcarrier 
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signals. 

7. An apparatus for transmitting OFDM signals, char- 
acterized in that said apparatus comprises: 

converting means for converting a plurality of 
complex information subcarrier signals to 
transmit information into a complex baseband 
time waveform of OFDM symbols, and 
complex baseband continuous wave adding 
means for generating complex baseband con- 
tinuous waves in one or more frequencies dif- 
ferent from each other in order to reduce the 
maximum amplitude of a complex baseband 
time waveform of OFDM symbols from said 
converting means, and adds said complex 
baseband continuous waves to said complex 
baseband time waveform of OFDM symbols. 

8. An apparatus for transmitting OFDM signals 
according to claim 7, wherein said complex base- 
band continuous waves are complex baseband DC 
signals. 

9. An apparatus for transmitting OFDM signals 
according to claim 8, wherein the phase of said 
complex baseband DC signals is antiphase to a 
phase of a maximum value of amplitude of a com- 
plex baseband time waveform generated from a 
plurality of said complex information subcarrier sig- 
nals to transmit information. 

10. An apparatus for transmitting OFDM signals 
according to claim 8, wherein said complex base- 
band DC signals, when a maximum value of ampli- 
tude of a complex baseband time waveform of 
OFDM symbols generated from a plurality of said 
complex information subcarrier signals to transmit 
information exceeds a previously set threshold 
value, is set to the amplitude of the difference 
between the maximum value of amplitude of said 
complex baseband time waveform and said thresh- 
old value. 

11. An apparatus for transmitting OFDM signals 
according to claim 7, wherein a table, which shows 
the relation of information to be transmitted by a 
plurality of said complex information subcarrier sig- 
nals to said complex baseband continuous waves 
to reduce the maximum amplitude of said complex 
baseband time waveform of OFDM symbols. 

12. An apparatus for transmitting OFDM signals 
according to claim 7, wherein said complex base- 
band continuous waves are set to frequencies 
which do not exist in said complex information sub- 
carrier signals. 
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13. An apparatus for transmitting OFDM signals, char- 
acterized in that said apparatus comprises: 

converting means for converting a plurality of 
5 complex subcarrier signals into a complex 

baseband time waveform of OFDM symbols, 
detecting means for detecting a lime sample 
having a maximum amplitude or maximum 
power among time samples of said complex 
ro baseband time waveforms from said covering 

means, and 

complex DC subcarrier adding means for gen- 
erating, based on results detected by said 
detecting means, a complex DC subcarrier sig- 

15 nal to reduce the maximum amplitude of a 

complex beseband time waveform of OFDM 
symbols form said converting means, adds 
said complex DC subcarrier signal to a plurality 
of complex information subcarrier signals, and 

20 gives said complex DC subcarrier signal and a 

plurality of complex information subcarrier sig- 
nals to said converting means. 

14. An apparatus for transmitting OFDM signals 
25 according to claim 13, wherein said detecting 

means outputs, as detected results, information on 
a phase of a time sample having a maximum ampli- 
tude or maximum power. 

30 15. An apparatus for transmitting OFDM signals 
according to claim 13, wherein said complex DC 
subcarrier adding means repeats generating, 
based on results detected by said detecting means, 
a complex DC subcarrier signal to reduce the max- 

35 imum amplitude of a complex beseband time wave- 
form of OFDM symbols form said converting 
means, adding said complex DC subcarrier signal 
to a plurality of complex information subcarrier sig- 
nals, and giving said complex DC subcarrier signal 

40 and a plurality of complex information subcarrier 
signals to said converting means. 

16. An apparatus for transmitting OFDM signals 
according to claim 15, wherein detected results of 

45 said detecting means outputs information on the 
amplitude and phase of a time sample having a 
maximum amplitude or maximum power; and 

" said complex DC subcarrier adding means 
so changes the amplitude of said complex DC 

subcarrier signals to be added on the basis of 
times to add. 

17. An apparatus for transmitting OFDM signals 
55 according to claim 15, wherein a complex DC sub- 
carrier adding means, when a result detected by 
said detecting means shows that maximum ampli- 
tude or maximum power of said time sample fell 
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below a predetermined threshold value, ends the 
process to add said complex DC subcarrier signals. 

18. An apparatus for transmitting OFDM signals 
according to claim 13. wherein detected results of 
said detecting means outputs information on the 
amplitude and phase of a time sample having a 
maximum amplitude or maximum power, and 

said complex DC subcarrier adding means 
changes the amplitude and phase of said com- 
plex DC subcarrier signals to be added on the 
basis of information on said detected amplitude 
and phase. 

19. An apparatus for transmitting OFDM signals, char- 
acterized in that said apparatus comprises: 

converting means for converting a plurality of 
complex information subcarrier signals to a 
complex baseband time waveform of OFDM 
symbols. 

detecting means for detecting a time sample 
having a maximum amplitude or maximum 
power among time samples of said complex 
baseband time waveforms, and to output 
detected results, and 

complex baseband DC signal adding means, 
on the basis of detected results of said detect- 
ing means, which generates said complex 
baseband DC signal to reduce the maximum 
amplitude of said complex baseband time wave 
of OFDM symbols form said converting means, 
and adds said complex baseband DC signal to 
said complex baseband time waveform of 
OFDM symbols. 

20. An apparatus for transmitting OFDM signals 
according to claim 19, wherein said detecting 
means outputs, as detected results, information on 
a phase of a time sample having a maximum ampli- 
tude or maximum power. 

21. An apparatus for transmitting OFDM signals 
according to claim 19, wherein said complex base- 
band DC signal adding means repeats generating, 
based on results detected by said detecting means, 
said complex baseband DC signal to reduce the 
maximum amplitude of said complex baseband 
time wave of OFDM symbols form said converting 
means, and adding said complex baseband DC sig- 
nal to said complex baseband time waveform of 
OFDM symbols. 

22. An apparatus for transmitting OFDM signals 
according to claim 21, wherein detected results of 
said detecting means outputs information on the 
amplitude and phase of a time sample having a 



maximum amplitude or maximum power, and 

said complex baseband DC signal adding 
means changes the amplitude of said complex 
s baseband DC signals to be added on the basis 

of times to add. 

23. An apparatus for transmitting OFDM signals 
according to claim 21, wherein said complex base- 

10 band DC signal adding means, when a result 
detected by said detecting means shows that max- 
imum amplitude or maximum power of said time 
sample fell below a predetermined threshold value, 
ends the process to add said complex baseband 

75 DC signals. 

24. An apparatus for transmitting OFDM signals 
according to claim 19, 

wherein detected results of said detecting 
20 means outputs information on the amplitude and 
phase of a time sample having a maximum ampli- 
tude or maximum power, and 

said complex baseband DC signal adding 
25 means changes the amplitude and phase of 

said complex baseband DC signals to be 
added on the basis of information on said 
detected amplitude and phase. 

30 25. A method of transmitting OFDM signals, character- 
ized in that said method comprises: 

a convening process to convert a plurality of 
complex subcarrier signals into a complex 
35 baseband time waveform of OFDM symbols, 

and 

a process to add complex redundant subcarri- 
ers where one or more complex redundant 
subcarrier signals are generated to reduce the 

40 maximum amplitude of a complex baseband 

time waveform of OFDM symbols obtained by 
said converting process, and after adding said 
at least one complex redundant subcarrier sig- 
nals to a plurality of complex information sub- 

45 carrier signals which transmit information, said 

converting process is put into practice. 

26. A method of transmitting OFDM signals, character- 
ized in that said method comprises: 

50 

a converting process to convert a plurality of 
complex information subcarrier signals, which 
transmit information, into a complex baseband 
time waveform of OFDM symbols, and 
55 a process to add complex baseband continu- 

ous waves where complex baseband continu- 
ous waves in one or more frequencies different 
from each other are generated to reduce the 
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maximum amplitude of a complex baseband 
time waveform of OFDM symbols obtained by 
said converting process, and after adding said 
complex baseband continuous waves to said 
complex baseband time waveform of OFDM $ 
symbols, said converting process is put into 
practice. 
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